Use of derived forcing functions at Centaur main engine cutoff in predicting transient loads on Mariner Mars 1971 and Viking spacecraft by Trubert, M. R. et al.
N A T I O N A L  A E R O N A U T I C S  A N D  S P A C E  A D M I N I S T R A T I O N  
Technical Memorandum 33-486 
Use of Derived Forcing Functions at Centaur Main 
Engine Cutoff in Predicting Transient Loads on 
Mariner Mars '77 and Wing Spacecraft 
CASE F 
J E T  P R O P U L S I O N  L A B O R A T O R Y  
C A L l P O R N l A  I N S T l T U T l  O P  T B C H N O L O B Y  
P A S A D E N A ,  C A L I F O R N I A  
June 28, 1971 
https://ntrs.nasa.gov/search.jsp?R=19710024243 2020-03-11T22:10:06+00:00Z
N A T I O N A L  A E R O N A U T I C S  A N D  S P A C E  A D M I N I S T R A T I O N  
Technical Memorandum 33-486 
Use of Derived Forcing Functions at Centaur Main 
Engine Cutoff in Predicting Transient Loads on 
Mariner Mars '71 and Viking Spacecraft 
M. R. Trubert 
J, R. Chisholm 
W, H, Gayman 
J E T  P R O P U L S I O N  L A B O R A T O R Y  
C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y  
P A S A D E N A ,  C A L I F O R N I A  
June 28, 1971 
Prepared Under Contract No.  NAS 7- 100 
National Aeronautics and Space Administration 
ACKNOWLEDGEMENT 
The ana lyses  re la t ing to the predic t ions  of Viking spacecra f t  
r e sponse  a t  MECO were  funded by NASA Langley R e s e a r c h  Cente r ,  and 
w e r e  under  the cognizance of Dr .  John P. Raney and Mr .  L a r r y  Pinson,, 
The work  descr ibed  i n  th is  r e p o r t  was  pe r fo rmed  by the  Engineering 
Mechanics Division of t he  J e t  Propuls ion Laboratory.  
J P L  Technical  Memorandum 33-486 

CONTENTS 
I . Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
I1 . Mathemat ical  Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
A . Centaur Launch Vehicle Model . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
B . M a r i n e r M a r s 1 7 1  Spacec ra f tMode l  . . . . . . . . . . . . . . . . . . . . . . . .  1 
C . Viking Spacecra f t  Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
111 . Computer Analysis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
A . Computer P r o g r a m s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
. B Mar ine r  ' 71 /cen taur  Composite Vehicle . . . . . . . . . . . . . . . . . . . . .  2 
. C vik ing /cen taur  Composite Vehicle . . . . . . . . . . . . . . . . . . . . . . . . .  3 
. IV Discuss ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
. V Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Table s 
1 . Centaur MECO tors iona l  mode l  fo r  Viking spacecra f t  . gridpoints.  
s tat ion locations and moments  of i ne r t i a  . . . . . . . . . . . . . . . . . . . . . . . . .  7 
2 . Centaur MECO l a t e r a l  mode l  Viking spacecra f t  . gridpoints.  s tat ion 
. . . . . . . . . . . . . . . . . . . . . . .  locations.  weights and momen t s  of ine r t i a  8 
3 . Centaur  ME CO longitudinal mode l  f o r  Viking spacecra f t  . gridpoints . 
stat ion locations and weights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
. . . . .  4 . Centaur MECO l a t e r a l  mode l  fo r  Viking spacecra f t  spr ing constants 19 
5 . Centaur  MECO longitudinal mode l  f o r  Viking spacecra f t  . spr ing 
constants  I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . Centaur  MECO tors iona l  mode l  f o r  Viking spacecra f t  . spr ing 
constants  12: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . Natural  f requencies  . damping and e las t i c  . r ig id  coupling m a t r i x  
. . . . . . . . . . . . . . . . . . . . . . . . .  C M ~ ~ l  f o r  the Mar ine r  '71 spacecra f t  1 3  
. . . . . . . . .  . 8 Rigid body m a s s  m a t r i x  [ M ~ ~ ]  fo r  the  Mar ine r  '71 spacecra f t  l 4  
. . . . . . .  9 . Elas t ic - r ig id  coupling m a t r i x  [MER] f o r  Viking spacecra f t  mode l  1 .; 
J P L  Technical  Memorandum 33-486 v 
CONTENTS (Cont'd) 
Tables  (Cont'cl) 
10, Rigid body weight m a t r i x  [ M ~ ~ l  fo r  Viking spacecra f t  mode l  . . . . . . . . . . 16 
i l .  +lr and +I m a t r i c e s  fo r  MECO Mar ine r  '71/Centaur model  . . . . . . . . . . 17 l e  
12, + 2 p  and +IZe m a t r i c e s  f o r  MECO Mar ine r  ' 7 1 / ~ e n t a u r  model  . . . . . . . . . . 1 8  
13. Rigid body m a s s  m a t r i x  EMrr] f o r  M a r i n e r  ' 7 l / ~ e n t a u r  model  . . . . . . . . . 19 
14, 9, and +I m a t r i c e s  f o r  MECO vik ing /cen taur  model  . . . . . . . . . . . . . . 20 l e  
15, OZr and +I m a t r i c e s  fo r  MECO viking/Centaur model  . . . . . . . . . . . . . . 22 2 e 
i 6. Rigid body m a s s  m a t r i x  [Mrr]  f o r  v ik ing /cen taur  model  . . . . . . . . . . . . 24 
F igure  s 
1, Centaur vehicle model  f o r  Viking model  . . . . . . . . . . . . . . . . . . . . . . . . 25 
2,  Gridpoint 12,  Centaur -Mar iner  M a r s  '71 acce le ra t ion  response  i n  
X--direction a t  base  of Centaur adap te r  predic ted f r o m  the  forcing 
function obtained f r o m  M a r i n e r  VI (AC-20) MECO flight data . . . . . . . . . . 26 
3, Gridpoiat  12,  Centaur -Mar iner  M a r s  '71 acce le ra t ion  response  in  
Y -di rect ion a t  base  of Centaur adap te r  predic ted f r o m  the forcing 
function obtained f r o m  Mar ine r  VI (AC-20) MECO flight data  . . . . . . . . . . 27 
4. Gridpoint  12, Centaur-Mariner  M a r s  '71 acce le ra t ion  response  i n  
Z-d i rec t ion  a t  base  of Centaur  adap te r  predic ted f r o m  the  forcing 
function obtained f r o m  Mar ine r  VI (AC-20) MECO flight d a t a .  . . . . . . . . . . 28 
5, Gridpoint  12,  Centaur-Mariner  M a r s  '71 rota t ional  acce le ra t ion  
response  in  @,-direction at base  of Centaur  adap te r  predic ted f r o m  
the forcing function obtained f r o m  Mar ine r  VI (AC-20) MECO flight data  . . . 29 
6- Gridpoint  12,  Centaur-Mariner  M a r s  '71 rota t ional  acce le ra t ion  
response  i n  By-direction a t  base  of Centaur  adap te r  predic ted f r o m  
the forcing function obtained f r o m  Mar ine r  VI (AC-20) MECO flight data  . . . 30 
3, Gridpoint  12,  Centaur -Mar iner  M a r s  '71 to rs iona l  acce le ra t ion  
response  i n  @,-direction at base  of Centaur  adap te r  predic ted f r o m  
the  forcing function obtained f r o m  Mar ine r  VI (AC-20) ME CO flight data  . . . 31 
8, Gridpoint  12,  Centaur -Mar iner  M a r s  '71 acce le ra t ion  response  i n  
X-direct ion a t  base  of Centaur  adapter  predic ted f r o m  the forcing 
function obtained f r o m  Mar ine r  VII (AC-19) MECO flight data  . . . . . . . . . . 32 
9,  Gridpoint  12,  Centaur -Mar iner  M a r s  '71 acce le ra t ion  response  i n  
Y-direction a t  base  of Centaur  adapter  predic ted f r o m  the  forcing 
function obtained f r o m  Mar ine r  VII (AC-19) MECO flight data  . . . . . . . . . . 33 
vi JPL Technica l  Memorandum 33-486 
CONTENTS (Contld) 
F igu re s  (Cont'd) 
10. Gridpoint 12,  Centaur -Mar iner  M a r s  '71 acce le ra t ion  response  i n  
Z-direct ion a t  base  of Centaur adap te r  predic ted f r o m  the  forcing 
. . . . . . . . . .  function obtained f r o m  M a r i n e r  VII (AC-19) MECO flight data 34 
11. Gridpoint  12, Centaur -Mar iner  M a r s  '71 rota t ional  acce le ra t ion  
response  in  Ox-direction a t  ba se  of Centaur  adap te r  predic ted f r o m  the  
forc ing function obtained f r o m  Mar ine r  VII (AC-19) MECO-flight  data . . . . . .  3 5 
12. Gridpoint 12,  Centaur -Mar iner  M a r s  '71 rota t ional  acce le ra t ion  
response  i n  By-direction a t  base  of Centaur  adapter  predic ted f r o m  the 
. . . . .  forcing function obtained f r o m  Mar ine r  VII (AC-19) MECO flight data 36 
13. Gridpoint 12,  Centaur -Mar iner  M a r s  '71 to rs iona l  acce le ra t ion  
response  i n  @,-direction at base  of Centaur adapter  predic ted f r o m  the 
. . . . .  forcing function obtained f r o m  Mar ine r  VII (AC-19) MECO flight data 37 
14. Gridpoint 12,  Mar ine r  M a r s  '71 react ion f o r c e  i n  X-direction a t  
base  of Centaur  adapter  predic ted f r o m  the  forcing function der ived 
f r o m  Mar ine r  VI (AC-20) MECO flight data  . . . . . . . . . . . . . . . . . . . . . .  38 
15. Gridpoint  12,  Mar ine r  M a r s  '71 reac t ion  fo r ce  i n  Y-direct ion a t  
base  of Centaur adap te r  predic ted f r o m  the  forcing function der ived 
f r o m  Mar ine r  VI (AC-20) MECO flight data . . . . . . . . . . . . . . . . . . . . . . .  39 
16. Gridpoint  12,  Mar ine r  M a r s  '71 reac t ion  fo r ce  i n  Z-direct ion a t  
base  of Centaur adap te r  predic ted f r o m  the forcing function der ived 
f r o m  Mar ine r  VI (AC-20) MECO flight data  . . . . . . . . . . . . . . . . . . . . . .  $0 
17. Gridpoint  12,  Mar ine r  M a r s  '71 reac t ion  moment  i n  ex-direct ion 
a t  base  of Centaur adap te r  predic ted f r o m  the forcing function 
der ived f r o m  Mar ine r  VI (AC-20) MECO flight data . . . . . . . . . . . . . . . . .  4 1 
18. Gridpoint  12,  Mar ine r  M a r s  '71 reac t ion  momen t  i n  9 -di rect ion Y 
a t  base  of Centaur adapter  predic ted f r o m  the forcing function 
der ived  f r o m  Mar ine r  VI (AC-20) MECO flight data  . . . . . . . . . . . . . . . .  4 2  
19. Gridpoint  12,  Mar ine r  M a r s  '71 reac t ion  moment  i n  9,-direction 
a t  base  of Centaur  adap te r  predic ted f r o m  the forcing function 
der ived f r o m  Mar ine r  VI (AC-20) MECO f l ight  data  . . . . . . . . . . . . . . . . . .  43 
20. Gridpoint  12, Mar ine r  M a r s  '71 reac t ion  fo r ce  i n  X-direct ion 
a t  ba se  of Centaur adapter  predic ted f r o m  the  forcing function 
der ived  f r o m  Mar ine r  VII (AC- 19) ME CO flight data , . , . , . . * $4 
21. Gridpoint  12,  Mar ine r  M a r s  '71 reac t ion  fo r ce  i n  Y-direction 
a t  base  of Centaur adapter  predic ted f r o m  the forcing function 
der ived  f r o m  Mar ine r  VII (AC-19) MECO flight data . . . . . . , . . a . . . . e .  4 5  
JPL Technical  Memorandum 33-486 vii 
CONTENTS (Contf  d) 
F igu re s  ( Cont'd) 
2 2 ,  Gridpoint  12,  M a r i n e r  M a r s  '71 reac t ion  fo r ce  i n  Z-d i rec t ion  
a t  base  of Centaur  adap te r  p red ic ted  f r o m  the forc ing function 
der ived  f r o m  M a r i n e r  VII (AC-19) MECO flight data  . . . . . . . . . . . . . . . .  46 
2 3 .  Gridpoint  12,  M a r i n e r  M a r s  '71 reac t ion  momen t  i n  @,-direction 
a t  base  of Centaur  adap te r  p red ic ted  f r o m  the forc ing function 
. . . . . . . . . . . . . . . .  der ived  f r o m  M a r i n e r  VII (AC- 19) MECO flight data  4 7  
24.  Gridpoint  12,  M a r i n e r  M a r s  '71 reac t ion  momen t  i n  8 -d i rec t ion  Y 
a t b a s e  of Centaur  adap te r  p red ic ted  f r o m  the forc ing function 
der ived  f r o m  M a r i n e r  VII (AC-19) MECO flight data  . . . . . . . . . . . . . . . .  48 
25. Gridpoint  12,  M a r i n e r  M a r s  '71 reac t ion  momen t  i n  @,-direction 
a t  base  of Centaur  adap te r  p red ic ted  f r o m  the forc ing function 
. . . . . . . . . . . . . . . .  der ived  f r o m  M a r i n e r  VII (AC-19) MECO flight data  49 
26. Gridpoint  8 ,  Viking acce l e r a t i on  response  i n  X-direct ion a t  base  of 
Viking t r u s s  adap te r  p red ic ted  f r o m  the forc ing function der ived  
from M a r i n e r  VI (AC-20) MECO flight data . . . . . . . . . . . . . . . . . . . . . .  50 
27. Gridpoint  8 ,  Viking acce le ra t ion  response  i n  Y-direction a t  base  of 
Viking t r u s s  adap te r  p red ic ted  f r o m  the fo rc ing  function der ived  
. . . . . . . . . . . . . . . . . . . . . .  f r o m  M a r i n e r  VI (AC-20) MECO flight data  51 
28. Gridpoint  8 ,  Viking acce le ra t ion  r e sponse  in  Z-d i rec t ion  a t  base  of 
Viking t r u s s  adap te r  p red ic ted  f r o m  the forc ing function der ived  
f r o m  M a r i n e r  VI (AC-20) MECO flight data  . . . . . . . . . . . . . . . . . . . . . .  52 
29,  Gridpoint  8 ,  Viking rota t ional  acce le ra t ion  r e sponse  i n  @,-direction 
at base  of Viking t r u s s  adap te r  p red ic ted  f r o m  the  forc ing function 
der ived  f r o m  M a r i n e r  VI (AC-20) MECO flight data  . . . . . . . . . . . . . . . . .  53 
30. Gridpoint  8 ,  Viking rota t ional  acce le ra t ion  r e  sponse  i n  8 -d i rec t ion  Y 
a t  base  of Viking t r u s s  adap te r  p red ic ted  f r o m  the  forc ing function 
. . . . . . . . . . . . . . . . .  der ived  f r o m  M a r i n e r  VI (AC-20) MECO flight data 54 
3 B , Gridpoint  8 ,  Viking t o r s i ona l  acce le ra t ion  r e sponse  i n  @,-direction 
at base  of Viking t r u s s  adap te r  p red ic ted  f r o m  the forc ing function 
der ived  f r o m  M a r i n e r  VI (AC-20) MECO f l ight  d a t a .  . . . . . . . . . . . . . . . .  55 
3 2 .  Gridpoint  8 ,  Viking acce le ra t ion  r e sponse  in  X-direct ion a t  base  of 
Viking t r u s s  adap te r  p red ic ted  f r o m  the forc ing function der ived  
. . . . . . . . . . . . . . . . . . . . .  f r o m  Mar ine r  VII (AC-19) MECO flight data  56 
3 3 ,  Gridpoint  8 ,  Viking acce le ra t ion  r e sponse  i n  Y-direction a t  base  of 
Viking t r u s s  adap te r  predic ted f r o m  the forc ing function der ived  
. . . . . . . . . . . . . . . . . . . . . .  from Mar ine r  VII (AC- 19) MECO flight data  57 
JPL Technical  Memorandum 33 -486 
CONTENTS (Contld) 
F igu re s  (Contl.d) 
34. Gridpoint  8 ,  Viking acce le ra t ion  response  in  Z-direct ion a t  base  of 
Viking t r u s s  adapter  predic ted f r o m  the forcing function der ived 
f r o m  Mar ine r  VII (AC- 19) MECO flight data . . . . . . . . . . . . . . . . . . . . . .  58 
3 5. Gridpoint 8 ,  Viking rota t ional  acce le ra t ion  response  i n  ex-direction 
a t  base  of Viking t r u s s  adap te r  predic ted f r o m  the forcing function 
der ived f r o m  Mar ine r  VII (AC- 19) MECO flight data  . . . . . . . . . . . . . . . .  59 
36. Gridpoint  8 ,  Viking rota t ional  acce le ra t ion  response  i n  8 -di rect ion 
a t  base  of Viking t r u s s  adap te r  predic ted f r o m  the forcing function 
der ived f r o m  Mar ine r  VII (AC- 19) MECO flight data . . . . . . . . . . . . . . . . .  60 
37. Gridpoint 8 ,  Viking t o r s iona l  acce le ra t ion  response  i n  8,-direction 
a t  base  of Viking t r u s s  adap te r  p red ic ted  f r o m  the  forcing function 
der ived f r o m  Mar ine r  VII (AC-19) MECO flight data . . . . . . . . . . . . . . . .  61 
38 .  Gridpoint  8 ,  Viking reac t ion  f o r c e  i n  X-direct ion a t  base  of 
Viking t r u s s  adapter  predic ted f r o m  the forcing function der ived 
f r o m M a r i n e r  VI(AC-20)  MECO flight data . . . . . . . . . . . . . . . . . . . . . .  62 
39. Gridpoint 8 ,  Viking reac t ion  fo r ce  i n  Y-direction at base  of 
Viking t r u s s  adapter  predic ted f r o m  the forcing function der ived 
f r o m  Mar ine r  VI (AC-20) MECO flight data . . . . . . . . . . . . . . . . . . . . . .  63  
40. Gridpoint  8 ,  Viking reac t ion  fo r ce  i n  Z-direct ion a t  base  of 
Viking t r u s s  adapter  predic ted f r o m  the  forcing function der ived 
f r o m  Mar ine r  VI (AC-20) MECO flight data . . . . . . . . . . . . . . . . . . . . . .  64 
41. Gridpoint 8 ,  Viking reac t ion  momen t  i n  @,-direction a t  base  of 
Viking t r u s s  adapter  predic ted f r o m  the forcing function der ived 
f r o m  Mar ine r  VI (AC-20) MECO flight data . . . . . . . . . . . . . . . . . . . . . .  6 5  
42. Gridpoint  8 ,  Viking reac t ion  moment  i n  By-direction a t  base  of 
Viking t r u s s  adapter  predic ted f r o m  the forcing function der ived 
. . . . . . . . . . . . . . . . . . . . . .  f r o m  Mar ine r  VI (AC-20) MECO flight data  66 
43. Gridpoint 8 ,  Viking reac t ion  momen t  i n  8,-direction a t  base  of 
Viking t r u s  s adapter  predic ted f r o m  the  forcing function der ived  
f r o m  Mar ine r  VI (AC-20) MECO flight data . . . . . . . . . . . . . . . . . . . . . .  6 7  
44. Gridpoint  8 ,  Viking reac t ion  fo r ce  i n  X-direction a t  base  of 
Viking t r u s s  adapter  predic ted f r o m  the forcing function der ived 
f r o m  Mar ine r  VII (AC-19) MECO flight data . . . . . . . . . . . . . . . . . . . . . .  68 
45. Gridpoint  8 ,  Viking reac t ion  fo r ce  i n  Y-direction a t  base  of 
Viking t r u s  s adapter  predic ted f r o m  the forcing function der ived 
f r o m  Mar ine r  VII (AC-19) MECO flight d a t a .  . . . . . . . . . . . . . . . . . . . . . .  69 
JPL Technical  Memorandum 33-486 i x 
CONTENTS (Contld)  
F igu re  E ( Cont Q) 
46, Gridpoint  8 ,  Viking reac t ion  f o r c e  i n  Z-d i rec t ion  a t  base  of 
Viking t r u s s  adap te r  p red ic ted  f r o m  the forc ing function der ived  
. . . . . . . . . . . . . . . . . . . . . .  from M a r i n e r  VII (AC-19) MECO flight data  70 
47. Gridpoint  8 ,  Viking reac t ion  momen t  i n  0,-direction a t  base  of 
Viking t r u s s  adap te r  p red ic ted  f r o m  the forc ing function der ived  
frcm M a r i n e r  VII (AC-19) MECO flight data  . . . . . . . . . . . . . . . . . . . .  
48,  Gridpoint  8 ,  Viking reac t ion  momen t  i n  0 -d i rect ion a t  base  of Y Viking t r u s s  adap te r  p red ic ted  f r o m  the  forc ing function der ived  
from hfa r ine r  VII (AC-19) MECO flight data  . . . . . . . . . . . . . . . . . . . . . .  72 
49. Gridpoint  8 ,  Viking reac t ion  momen t  i n  gz-di rect ion a t  base  of 
Viking t r u s s  adapter  p red ic ted  f r o m  the forc ing function der ived  
. . . . . . . . . . . . . . . . . . . . .  f r o m M a r i n e r  VII (AC-19) MECO fl ight  d a t a .  73 
JPL Technica l  Memorandum 33-486 
ABSTRACT 
The d i s t u r b i n g  f o r c i n g  func t ions  of  t h e  Centaur engines a t  Main Engine 
Cutoff der ived  from a c c e l e r a t i o n  f l i g h t  d a t a  of t h e  Mariner Mars '69 
spacec ra f t  a r e  used t o  p r e d i c t  a c c e l e r a t i o n  and r e a c t i o n  f o r c e s  and moments 
near  t h e  base  of Mariner Mars ' 7 1  and Viking s p a c e c r a f t .  Mathematical 
dynamic models of t h e  Mariner Mars '71 and Viking s p a c e c r a f t  and t h e  Centaur 
launch v e h i c l e  modified f o r  t h e  Viking model a r e  presented .  Discussion 
concerning t h e  method and t h e  accuracy of t h e  r e s u l t s  a r e  given. 
JPL T e c h n i c a l  M e m o r a n d u m  33-486 xi 
Ref. 1 describes t he  synthesis  of engine forcing functions a t  Centaur 
Main Engine Cutoff (MECO) from accelera t ion measurements i n  f l i g h t ,  and 
from computed modal charac te r i s t i cs  of t h e  Mariner Mars '69, OAO-11, and 
ATS composite space vehicles.  
Ref. 1 a l so  gives derivations of equations f o r  computing the  accelera t ion 
response and t h e  react ion forces and moments a t  t h e  base of a new spacecraft  
a t  Centaur MECO. 
This memorandum appl ies  techniques and data generated i n  Ref. I to the  
predictions of accelera t ion responses and react ion forces and moments at 
appropriate planes near t h e  base of Mariner Mars '71 and Viking s p a c e ~ r a f - t ~  
The only engine forcing fwnctions used a r e  those derived from MarinerVIand 
Mariner V I I  data,  as  bases were found t o  inval idate  forcing functions obtained 
from OAO-I1 and ATS data. 
11. MAmTICAL MODELS 
A. Centaur Launch Vehicle Model 
- 
The Centaur model of Ref. 1 was used without modification for t h e  
~ e n t a u r / ~ a r i n e r  '71 composite analysis .  However, t h e  above Centaur n~odel  
was modified f o r  t h e  ~ e n t a u r / ~ i k i n g  analysis  t o  include t h e  stub-adapter 
per t inent  t o  t h e  Viking spacecraft  ( ~ e f .  2 ) .  The modified lumped mass 
model is given i n  Fig. 1. The modified weight and s t i f f n e s s  propertii-es 
a r e  given i n  Tables 1 through 6. 
B. Mariner Mars '71 Spacecraft Model 
The Mariner Mars '71 spacecraft  model was a s e t  of f i f t e e n  cant i lever  
normal modes. Seven normal modes were obtained from a modal survey 
conducted on t h e  Mariner '71 development t e s t  model (DTM) without 
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so la r  panels and canti levered on t h e  f l oo r  a t  t h e  base of t he  Centaur 
ada9ter ( ~ e f .  3) .  Four so la r  panel modes and four slosh modes were 
subsequently added t o  t h e  measured modes t o  form a fifteen-mode model. 
The r i g i d  body mass matrix [tdRRJ, t he  e las t i c - r ig id  coupling matrix 
E'ER] and na tura l  frequencies P un 3 were generated f o r  these  f i f t e e n  
modes. These matrices a r e  shown i n  Tables 7 and 8. The modes a r e  
normalized such t h a t  the  generalized mass matrix r ~ ~ ~ d  i s  unity.  
C . Viking Spacecraf t  Model 
The model used f o r  t h e  Viking spacecraft  was a l so  a s e t  of cant i lever  
normal modes. The mass matrix [ M ~ ~ ] ,  t h e  e l a s t i c - r i g id  coupling matrix 
[PiEB] and t he  na tura l  frequencies uln 4 were obtained from previous 
analyses performed by J P L  on t h e  o r ig ina l  Viking model presented i n  
Ref. 4. The [ M ~ ~ ] ,   and ul, matrices f o r  t he  model a r e  given 
i n  Tables 9 and 10. The generalized mass matrix P%Ed i s  uni ty .  
111. COMPUTER ANALYSIS 
A .  Corrrp.ut e r  Programs 
!The same computer programs a s  i n  Ref. 1 were used f o r  a l l  t h e  
m e r i c a l  computations. The JPL SAMIS computer program was used f o r  t h e  
normal mode analysis ,and the  JPL RECEP computer program was used f o r  the  
frequency domain calcula t ions .  
B. Mariner ' 71 /~en taur  Composite Vehicle 
As i n  Ref. 1 the  modal combination method was used f o r  t h e  modal 
analysis  of t h e  composite vehicle.  The mass matrix t h e  e las t i c -  
r i g i d  inatrix [ M ~ ~ ]  and t h e  na tura l  frequencies uh 3 r e l a t i v e  t o  t h e  
Mariner Mars ' 71  spacecraft  were combined with t h e  Centaur model of Ref. 
1 to give t h e  f ree-f ree  normal modes of t he  composite vehicle needed t o  
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compute [H (o:)l  i n  Eq. (15) of Ref. 1. The resu l t ing  modal data a t  
t h e  gimbal axis  and t he  base of t h e  Centaur adapter a r e  shown i n  Tables 
11 through 13. Again t h e  generalized mass ~ M ~ ~ J  i s  unity.  
2 The t rans fe r  function matrix [H (u!)] was computed using t h e  above 
modal data and a modal damping of 5, = .03 f o r  a l l  modes. 
The Fourier transform f ~ ( u : ) ]  of t he  forcing function obtained i n  
Ref. 1 f o r  Mariners V I  and V I I  f l i g h t s  was used t o  compute a prediction of' 
2 t h e  response [A (a)? a t  t h e  base of t h e  Centaur adapter (gridpoint  12, 
Fig. 1 of Vol. I) making use of Eq. (15) of Ref. 1. Figs.  2 through 13 
show the  time h i s to r i e s  and t he  Fourier transforms of t h e  responses, 
The reaction forces  and moments were then computed by Eqs. (25)  and 
2 (26) of Ref. 1 using t h e  responses [A (m)] determined above. The [b$R!, 
[ I Y I ~ ]  and dwn4 matrices needed f o r  Eq. (25) were those indicated i n  
Tables 7 and 8. Measured modal dampings (Table 7 )  were used i n  Eq, (24). 
Figs. 14 through 25 show t h e  time h i s to r i e s  and t h e  Fourier transforms 
of t he  reaction forces and moments. 
v i k i n g l ~ e n t a u r  Composite Vehicle 
The same procedure a s  outl ined above f o r  t he  Mariner ' 71 /~en t au r  
composite vehicle was applied f o r  t h e  ~ i k i n g / ~ e n t a u r  composite vehieie,  
Tables 14 through 16 show t h e  modal data r e l a t i v e  t o  t h e  gimbal axis and 
t h e  base of t he  t r u s s  adapter. 
Only t h e  two forcing functions obtained from Mariners V I  and V I E  f l i g h t s  
were used t o  compute t h e  responses a t  t h e  base of t he  t r u s s  adapter. 
Figs. 26 through 37 show t h e  time h i s to r i e s  and t h e  Fourier transforms 
of these  responses. 
These responses were then applied as  an input t o  determine t h e  
reaction forces and moments a t  t h e  base of t h e  t r u s s  adapter, (gridpoint  
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8 F i g  1 A modal damping = .03 was chosen f o r  t h e  Viking model. 
n 
Figs,  38 Slirough 49 show t h e  time h i s to r i e s  and t he  Fourier transforms 
of the reaction forces  and moments. Coordinate s y s t e m  i s  given i n  Fig. 9 
of Ref ,  1, 
IV. DISCUSSION 
Sect ion  V of Ref. 1 comments on t h e  s e n s i t i v i t y  of t h e  "inverse 
method" oP" deriving t h e  engine forcing functions t o  t he  f i d e l i t y  i n  
s t ruc tu r a l  modeling. I n  t he  appl icat ion of forcing functions so derived 
t o  predictions of MECO response a t  t h e  base of a new spacecraft  (e.g. ,  
Mariner Mars '71 and ~ i k i n g ) ,  t he  overa l l  accuracy i s  affected not only 
by errors i n  {F(w) 1, but by e r rors  i n  t h e  new t r ans f e r  function matrix 
It i s  hypothesized t h a t ,  if t h e  only e r rors  i n  t h e  computed matrices 
2 [FI1(cV)1 and [H (a)] were ascr ibable  t o  e r rors  i n  computed modal f??equencies 
the results of such a two-stage analysis  would y ie ld  conservative r e s u l t s  
2 in fs  ( 5 )  1 and f g ( t )  1. However, t he  f a c t  t h a t  e r ro rs  i n  na tura l  frequency 
are generally accompanied by e r rors  i n  mode shape precludes a conjecture 
that the r e su l t s  a r e  always conservative. The l imi ted scope of t h i s  e f fo r t  
has not permitted an invest igat ion of these  aspects.  
It I s  t o  be emphasized t h a t  t he  bas ic  techniques employed i n  t h e  work 
leading to Ref. 1 and t o  t h i s  document a r e  generalizations of t h e  approach, 
reported i n  Ref'. 5, t h a t  dea l t  with one-dimensional solut ions  eas i ly  
manageable. 
However, t h e  generalization from t h e  one-dimensional solut ion (one 
component) t o  t he  three-dimensional solut ion ( s i x  components) has been 
accompanied by t h e  de l i c a t e  problem of management of an enormous amount 
of da t a  which has proved t o  be a r e a l  complication i n  t h e  whole e f fo r t .  
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In  re t rospect ,  t h e  authors endorse, i n  concept, t h e  methods employed 
bu t  improvements i n  s t r u c t u r a l  modeling a r e  needed together with words of  
caution concerning t h e  data management. 
Techniques described i n  Ref. 6, i n  combination with those described 
herein,  could be  expected t o  produce a mater ia l ly  higher confidence i n  -the 
qua l i t y  of t h e  desired information bu t  only a t  a considerably increased cos-t 
of f l i g h t  t e s t  instrumentation, data processing and dynamic analysis ,  
V. CONCLUSION 
The predicted 'base" accelera t ion responses and reaction forces and 
moments reported herein f o r  Mariner Mars '71 spacecraft  and Viking spacecraft  
a t  Centaur Main Engine Cutoff a r e  considered r e a l i s t i c  and, probably, 
conservative. The methods employed i n  t h e  predictions a r e  considered 
theore t ica l ly  sound and computationally "well-behaved"; they need only 
upgraded "input" t o  enhance t h e i r  usefulness. 
JPL Technical  Memorandum 33-4,86 
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Table 1. Centaur MECO Torsional  Model for  Viking Spacecraft  - Gridpoinks,  
Station Locations and Moments of Iner t ia  
Station 
(in. ) 
Iner t ia  
(lb- in?) 
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Table 2;. Centaur MECO La te ra l  Model Viking Spacecraft  - Gridpoints, Station 
Locations, Weights and Moments of Inertia 
Gr idpo in t  
Station 
(in) 
Weight 
(lb) 
I 2 Iner t ia ,  (lb-in. ) I 
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Table 3 .  Centaur MECO Longitudinal Model f o r  Viking Spacecraf t  - Gridpoints  , 
Station Locations and Weights 
JPL Technical  Memorandum 33-486 
Table  4. Centaur  MECO L a t e r a l  Model f o r  Viking Spacecraf t  - 
Spring Constants 
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Table 5. Centaur  MECO Longitudinal Model f o r  Viking Spacecraft ,- 
Spring Constants 
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Table 6. Centaur MECO Tors iona l  Model fo r  Viking Spacecraf t  - 
Spring Constants 
JPL Technical  Memorandum 33-486 
T
ab
le
 7
. 
N
at
u
ra
l 
F
re
q
u
en
ci
es
, 
D
am
pi
ng
 a
n
d 
E
la
st
ic
-R
ig
id
 C
ou
pl
in
g 
M
at
ri
x 
[M
ER
] 
fo
r 
th
e 
M
ar
in
er
 '
7
1 
S
pa
ce
cr
af
t 
(U
ni
ts
: 
lb
, 
in
.,
 s
e
c
) 
F
re
q
u
en
cy
 
D
am
pi
ng
 
X
 
Y 
Z 
ex
 
O
Y
 
0
2
 
H
z 
1 
1.
 5
 
1 
E
-0
1
 
0.
74
6 
0.
00
0 
0.
00
0 
0.
00
0 
-
 
57
. 5
36
 
8.
 9
00
 
2 
1.
 5
 
1 
E
-0
1
 
0.
00
0 
0.
74
6 
0.
00
0 
57
. 5
36
 
0.
00
0 
8.
 9
00
 
3 
2
.5
 
1 
E
-0
1
 
0.
45
6 
0.
00
0 
0.
00
0 
0.
00
0 
-
35
. 
19
6 
-
5.
45
0 
4 
2.
 5
 
1 
E
-0
1
 
0.
00
0 
0.
45
6 
0.
00
0 
35
. 
19
6 
0.
00
0 
-
 
5.
45
0 
5 
9.
 8
2 
1 
0.
38
5 
-
 
0.
44
2 
-
 
0.
00
2 
-
 
42
. 5
72
 
-
37
. 
34
0 
-
 
0.
37
2 
Table  8. Rigid Body M a s s  Ma t r i x  [MRR] f o r  the 
Mar ine r  ' 7  1 Spacecra f t  (Units lb, in. ,  s e c )  
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Table 9. Elast ic-  Rigid Coupling Matr ix [ M ~ R ]  F o r  Viking Spacecraft Model 
(Units: lb,  in., s ec )  
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Table 10. Rigid Body Weight Ma t r i x  [ M ~ ~ ]  f o r  Viking Spacecraf t  Model 
(Units: lb ,  i n . ,  s e c . )  
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Table 12. + z r  and (b2, Mat r ices  fo r  MECO Mariner  '71/Centaur  Model 
(Units: lb, in., sec)  
Frequency, X I Y  I 
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Table 14. +lr  and +le Matr ices  F o r  MECO VikingICentaur Model 
(Units: l b ,  in., sec)  
Frequency, 1 i i z  
JPL Technical Memorandum 33-486 
Table 14. and + Mat r i ce s  F o r  MECO vik ing /cen taur  Model (Cont 'd)  l e  (Units: lb ,  in. , sec)  
Frequency, k 
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Table 15. 42r and 4'2e Mat r ices  F o r  MECO VikingICentaur Model 
(Units: Ib, in., sec)  
I. 616 
1. 625 
1. 670 
1. 673 
6. 366 
6. 407 
8. 441 
8. 460 
8. 978 
i 0. 658 
I 0. 883 
1 1.006 
i 1. 854 
11.  919 
12. 361 
1 2.449 
12. 548 
13. 732 
i 3. 820 
l 3 .  890 
14. 014 
14. 090 
i 4 .  611 
14. 847 
15. 045 
!5. 091 
15. 347 
i 5. 603 
15. 732 
16. 002 
! 6. 077 
16. 735 
! 7.354 
i 7 .  653 
17. '116 
i8. 171 
1 '1. 233 
10. 518 
10. 601 
LO. 185 
20. 636 
21.727 
22. -153 
22. 607 
23. 852 
2.1. 121 
25. 638 
26. 100 
27. 318 
28. 322 
29.  164. 
'30. 555 
3 0 .  816 
32. 845 
33. 01 6 
'55. 685 
36.002 
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Table 15. +2r  and +2e Mat r ices  F o r  MECO viking/centaur  Model (Coct 'd)  
(Units: lb,  in. , sec) 
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TOP OF STUB 
ADAPTER 
FORWARD 
RING 
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Fig. 1. Centaur  vehicle model  f o r  Viking model  
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Fig, 2, Gridpoint  12, Centaur -Mar iner  M a r s  '71 acce le ra t ion  response  i n  
X-direct ion a t  base  of Centaur  adapter  predic ted f r o m  the forcing 
function obtained f r o m  Mar ine r  VI (AC-20) MECO flight data 
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A 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
TIME, lac 
A ACCELERATION RESPONSE, TIME HISTORY 
8. ACCELERAIION RESPONSE, FOURIER TRANSFORM,, MODULUS 
C. ACCELERATION RESPONSE, FOURIER TRANSFORM, PHASE ANGLE 
FREQUENCY, Hz FREWENCY, Hz 
Fig. 3. Gridpoint  12, Centaur -Mar iner  M a r s  '71 acce le ra t ion  response i n  
Y-direction a t  base  of Centaur  adap te r  predic ted f r o m  the forcing 
function obtained f r o m  Mar ine r  VI (AC-20) MECO flight data 
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Fig, 4. Gridpoint 12 ,  Centaur-Mariner  M a r s  "71 acce le ra t ion  response  in  
Z-direct ion a t  base  of Centaur adap te r  p red ic ted  f r o m  the forcing 
function obtained f r o m  Mar ine r  VI (AC-20) MECO flight data 
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A. ROTATIONAL RESPONSE, TIME HISTORY 
B. ROTATIONAL RESPONSE, FOURIER TRANSFORM, MODULUS 
C. ROTATIONAL RESPONSE, FOURIER TRANSFOM, PHASE ANGLE 
TIME, ies 
FREQUENCY, Hz FREQUENCY, Hz 
Fig.  5. Gridpoint  12 ,  Cen taur -Mar iner  M a r s  '71 rota t ional  acce le ra t ion  
r e sponse  i n  @,-direction a t  base  of Centaur  adap te r  p red ic ted  
f r o m  the  forc ing function obtained f r o m  M a r i n e r  VI (AC-20)  
MECO flight data  
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A. ROTATIONAL RESPONSE, TIME HISTORY 
B. ROTATIONAL RESPONSE, FOURIER TRANSFORM, MODULUS 
C. ROTATIONAL RESPONSE, FOURIER TRANSFORM, PHASE ANGLE 
FREQUENCY, Hz FREQUENCY, Hz 
Fig. 6 ,  Gridpoint  12, Centaur-Mariner  M a r s  '71 rota t ional  acce le ra t ion  
response  i n  8 direct ion a t  base  of Centaur adapter  predic ted Y - f r o m  the forcing function obtained f r o m  Mar ine r  VI  (AC-20) 
ME CO flight data 
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A. TORSIONAL RESPONSE, TIME HISTORY 
8. TORSIONAL RESPONSE, FOURIER TRANSFORM, MODULUS 
C. TORSIONAL RESPONSE, FOURIER TRANSFORM, PNASE ANGLE 
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Fig. 7. Gridpoint  12,  Centaur -Mar iner  M a r s  '71 to r s iona l  acce le ra t ion  
response  i n  @,-direction a t  base  of Centaur adap te r  predic ted 
f r o m  the forcing function obtained f r o m  Mar ine r  VI  (AC:-20) 
ME CO flight data  
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Fig, 8. Gridpoint  12 ,  Centaur -Mar iner  M a r s  ' 7  1 acce le ra t ion  response  i n  
X-direction a t  base  of Centaur  adap te r  predic ted f r o m  the forcing 
function obtained f r o m  Mar ine r  VII  (AC- 19) MECO flight data  
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Fig.  9. Gridpoint  12 ,  Cen taur -Mar iner  M a r s  '71 acce le ra t ion  r e sponse  i n  
Y-direct ion a t  base  of Centaur  adap te r  p red ic ted  f r o m  the forcing 
function obtained f r o m  M a r i n e r  VII (AC- 19) MECO flight data 
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FREQUENCY, Hz 
A. ACCELERATION RESPONSE, TIME HISTORY 
B. ACCELERATION RESPONSE, FOURIER TRANSFORM, MODULUS 
C. ACCELERATION RESPONSE, FOURIER TRANSFORM, PHASE ANGLE 
FREQUENCY, Hz 
Fig. 10. Gridpoint 12, Centaur-Mariner Mars  '71 acceleration response i n  
Z-direction a t  base of Centaur adapter predicted f r o m  the forcing 
function obtained f r o m  Mariner  VII (AC-19) MECO flight data 
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A. ROTATIONAL RESPONSE, TIME HISTORY 
8. ROTATIONAL RESPONSE, FOURIER TRANSFOR3 MODULUS 
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Fig.  11. Gridpoint 12 ,  Centaur-Marine  r M a r s  '7 1 rota t ional  accelera t ion 
response  i n  8,-direction a t  base  of Centaur adap te r  predic ted 
f r o m  the forcing function obtained f r o m  Mar ine r  VII (AC-  19) 
MECO flight data  
JPL Technical  Memorandum 33-4,86 
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C. ROTATIONAL RESPONSE, FOURIER TRANSFORM, PHASE ANGLE 
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Fig, 1 2 ,  Gridpoint  12 ,  Centaur -Mar iner  M a r s  '7 1 rota t ional  acce le ra t ion  
response  i n  8 -di rect ion a t  base  of Centaur  adap te r  predic ted Y f r o m  the forclng function obtained f r o m  Mar ine r  VII (AC- 19)  
MECO flight data 
JPL Technical  Memorandum 33-486 
A. TORSIONAL RESPONSE, TIME HISTORY 
B. TORSIONAL RESPONSE, FOURIER TRANSFORM, MODULUS 
C. TORSIONAL RESPONSE, FOURIER TRANSFORM, PHASE ANGLE 
TIME, res 
FREQUENCY, Hz FREQUENCY, Hz 
Fig. 13. Gridpoint 12, Centaur -Mar iner  M a r s  '71 to r s iona l  acce le ra t ion  
response  i n  8,-direction a t  base  of Centaur  adap te r  predic ted 
f r o m  the forcing function obtained f r o m  Mar ine r  VII (AG-19)  
MECO flight data  
JPL Technical  Memorandum 33-486 
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A. SEPARATION PLANE FORCE, TIME HISTORY 
8. SEPARATION PLANE FORCE, FOURIER TRANSFORM, MODULUS 
C. SEPARATION PLANE FORCE, FOURIER TRANSFORM, PHASE ANGLE 
FREQUENCY, Hz FREQUENCY, Hz 
F i g  4 Cr idpoint  1 2 ,  M a r i n e r  M a r s  ' 71  reac t ion  f o r c e  i n  X-direct ion a t  base  
of Centaur  adap te r  p red ic ted  f r o m  the  forc ing function der ived  f r o m  
M a r i n e r  VI (AC-20) MECO flight data  
JPL Technical  Memorandum 33-486 
A. SEPARATION PLANE FORCE, TIME HISTORY 
8. SEPARATION PLANE FORCE, FOURIER TRANSFORM, MODULUS 
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Fig. 15. Gridpoint  12 ,  M a r i n e r  M a r s  '71 reac t ion  fo r ce  i n  Y-direction at base 
of Centaur adap te r  p red ic ted  f r o m  the  forcing function der ived from 
Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
A. SEPARATION PLANE FORCE, TIME HISTORY 
8. SEPARATION PLANE FORCE, FOURIER TRANSFORM, MODULUS 
C. SEPARATION PLANE FORCE, FOURIER TRANSFORM, PHASE ANGLE 
FREQUENCY, Hz FREQUENCY, Hz 
F i g ,  16, Gridpoint  12, M a r i n e r  M a r s  ' 71  reac t ion  f o r c e  i n  Z-direct ion a t  ba se  
of Centaur  adap te r  p red ic ted  f r o m  the forcing function der ived  f r o m  
M a r i n e r  VI (AC-20) MECO flight data  
JPL Technica l  Memorandum 33-486 
A. SEPARATION PLANE MOMENT, TIME HISTORY 
8. SEPARATION PLANE MOMENT, FOURIER TRANSFORM, MODULUS 
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Fig. 17. Gridpoint  12,  Mar ine r  M a r s  $ 7 1  reac t ion  moment  i n  Ox-direction at 
base  of Centaur  adapter  predic ted f r o m  the  forcing function derived 
f r o m  Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
A. SEPARATION PLANE MOMENT, TIME HISTORY 
8. SEPARATION PLANE MOMENT, FOURIER TRANSFORM, MODULUS 
C. SEPARATION PLANE MOMENT, FOURIER TRANSFORM, PHASE ANGLE 
TIME, rec 
FREQUENCY, Hz FREQUENCY, Hz 
F i g ,  9 $1, Gridpoint  12 ,  Mar ine r  M a r s  '71 reac t ion  moment  i n  By-direction a t  
base  of Centaur adap te r  predic ted f r o m  the  forcing function der ived 
f rorn Mar ine r  VI  (AC-20)  MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig. 19. Gridpoint  12, Mar ine r  M a r s  '71 reac t ion  moment  i n  8,-direction at 
base  of Centaur adap te r  predic ted f r o m  the forcing function derived 
f r o m  Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
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C. SEPARATION PLANE FORCE, FOURIER TRANSFORM, PHASE ANGLE 
FREQUENCY, Hz FREQUENCY, Hz 
F i g ,  20. Gridpoint 12 ,  Mar ine r  M a r s  '71 react ion force  i n  X-direction a t  
base of Centaur adapte r  predicted f r o m  the forcing function 
der ived f r o m  Mar ine r  VII (AC- 19) MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig .  21.  Gridpoint  1 2 ,  M a r i n e r  M a r s  '71 react ion fo r ce  i n  Y-direction at 
base  of Centaur  adap te r  p red ic ted  f r o m  the forcing function 
der ived  f r o m  Mar ine r  VII (AC-19)  MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig.  23. Gridpoint  1 2 ,  M a r i n e r  M a r s  ' 71  reac t ion  momen t  in  ex-direction 
at base  of Centaur adap te r  p red ic ted  f r o m  the  forcing function 
der ived  f r o m  M a r i n e r  VII  (AC-19) MECO flight data  
JPL Technical  Memorandum 33-486 
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Fig.  24. Gridpoint 12 ,  M a r i n e r  M a r s  '71 reac t ion  moment  i n  8 Y -di rect ion 
at base  of Centaur adapter  predic ted f r o m  the forcing function 
der ived  f r o m  Mar ine r  VII (AC- 19) MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig .  25. Gridpoint 12,  M a r i n e r  M a r s  '71 reac t ion  moment  i n  9,-direction 
at base  of Centaur adap te r  predic ted f r o m  the forcing function 
der ived f r o m  M a r i n e r  VII (AC-19) MECO flight data 
JPL Technical  Memorandum 33-486 
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C. VIKING ACCELERATION RESPONSE, FOURIER TRANSFORM, PHASE ANGLE 
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Fig ,  26. Gridpoint  8, Viking acce le ra t ion  response  i n  X-direction a t  base  of 
Viking t r u s s  adap te r  predic ted f r o m  the forcing function der ived  
f r o m  Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
A. VIKING ACCELERATION RESPONSE, TIME HISTORY 
8. VIKING ACCELERATION RESPONSE, FOURIER TRANSFORM 
C. VIKING ACCELERATION RESPONSE, FOURIER TRANSFORM, PHASE ANGLE 
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Fig. 27. Gridpoint 8,  Viking acce le ra t ion  response i n  Y-direction at base of 
Viking t r u s s  adapter  predicted f r o m  the forcing function derived 
f r o m  Mar iner  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-4,86 
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Fig .  28, Gridpoint  8, Viking acce le ra t ion  response  i n  Z-direct ion a t  base  of 
Viking t r u s s  adap te r  predic ted f r o m  the  forcing function der ived 
from Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig.  29. Gridpoint 8 ,  Viking rota t ional  acce le ra t ion  response  i n  8,-direction 
a t  base  of Viking t r u s s  adap te r  predic ted f r o m  the  forcing function 
der ived  f r o m  Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
A. VIKING ROTATIONAL RESPONSE, TIME HISTORY 
8. VIKING ROTATIONAL RESPONSE, FOURIER TRANSFORM 
C. VIKING ROTATIONAL RESPONSE, FOURIER TRANSFORM, PHASE ANGLE 
TIME, rec 
FREQUENCY, Hz FREQUENCY, Hz 
Fig, 30,  Gridpoint  8 ,  Viking rota t ional  acce le ra t ion  response  i n  9 -di rect ion Y 
a t  base  of Viking t r u s s  adap te r  predic ted f r o m  the forcing function 
der ived f r o m  Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
A. VIKING TORSIONAL RESPONSE, TIME HISTORY 
8. VIKING TORSIONAL RESPONSE, FOURIER TRANSCORM 
C. VIKING TORSIONAL RESPONSE, FOURIER TRANSFORM, PHASE AUG:E 
TIME, rec 
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Fig. 31. Gridpoint  8, Viking to rs iona l  acce le ra t ion  response  in  0,-direction 
a t  base  of Viking t r u s s  adap te r  predic ted f r o m  the  forcing function 
der ived f r o m  Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
A. VIKING ACCELERATION RESPONSE, TIME HISTORY 
8. VIKING ACCELERATION RESPONSE, FOURIER TRANSFORM 
C. VIKING ACCELERATION RESPONSE, FOURIER TRANSFORM, PHASE ANGLE 
TIME, res 
FREQUENCY, Hi FREQUENCY, Hz 
F i g ,  32.  Gridpoint  8,  Viking acce le ra t ion  response  i n  X-direct ion a t  base  of 
Viking t r u s s  adap te r  predic ted f r o m  the  forcing function der ived 
f r o m  Mar ine r  VII (AC-19) MECO flight data 
JPL Technical  Memorandum 33-486 
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8. VIKING ACCELERATION RESPONSE, FOURIER TRANSFORM 
C. VIKING ACCELERATION RESPONSE, FOURIER TRAI\ISFORM, PHASE ANGLE 
FREQUENCY, Hr FREWENCY, Hz 
Fig. 33. Gridpoint  8, Viking acce le ra t ion  response  i n  Y-direction at base of 
Viking t r u s s  adapter  p red ic ted  f r o m  the  forcing function derived 
f r o m  Mar ine r  VII (AC-19) MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig, 34, Gridpoint 8, Viking acce le ra t ion  response  i n  Z-direct ion a t  base  of 
Viking t r u s s  adap te r  predic ted f r o m  the forcing function der ived 
f r o m  Mar ine r  VII (AC-19) MECO flight data  
JPL Technical  Memorandum 33-486 
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Fig. 3 5. Gridpoint 8 ,  Viking rota t ional  acce le ra t ion  response  i n  Ox--direction 
a t  base  of Viking t r u s s  adap te r  predic ted f r o m  the forcing function 
der ived f r o m  Mar ine r  VII (AC-19) MECO flight data  
JPL Technical  Memorandum 33-486 
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TIME, rec 
Fig, 36, Gridpoint  8 ,  Viking rota t ional  acce le ra t ion  response  i n  8 -di rect ion Y 
a t  base  of Viking t r u s s  adap te r  p red ic ted  f r o m  the  forcing function 
der ived f r o m  Mar ine r  VII  (AC-19) MECO flight data  
JPL Technical  Memorandum 33-486 
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Fig. 37. Gridpoint  8 ,  Viking to rs iona l  acce le ra t ion  response  i n  $,-direction 
a t  base  of Viking t r u s s  adap te r  predic ted f r o m  the forcing function 
der ived  f r o m  Mar ine r  VII (AC-19) MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig, 38. Gridpoint  8 ,  Viking reac t ion  fo r ce  i n  X-direct ion a t  base  of Viking 
t r u s s  adap te r  predic ted f r o m  the  forcing function der ived f r o m  
Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig.  39. Gridpoint 8 ,  Viking reac t ion  fo r ce  i n  Y-direction a t  base  of Viking 
t r u s s  adap te r  predic ted f r o m  the forcing function der ived  f r o m  
Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig. 40.  Gridpoint 8 ,  Viking reac t ion  fo r ce  i n  Z-direct ion a t  ba se  of Viking 
t r u s s  adapter  predic ted f r o m  the  forcing function der ived f r o m  
Mar ine r  VI (AC-20) MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig.  41. Gridpoint  8 ,  Viking reac t ion  momen t  i n  @,-direction a t  base  of Viking 
t r u s s  adap te r  p red ic ted  f r o m  the forc ing function der ived  f r o m  
M a r i n e r  VI (AC-20)  MECO fl ight  data 
JPL Technical  Memorandum 33-486 
A. SEPARATION PLANE MOMENT, TIME HISTORY 
8. SEPARATION PLANE MOMENT, FOURIER TRANSFORM, MODULUS 
C. SEPARATION PLANE MOMENT, FOURIER TRANSFORM, PHASE ANGLE 
FREQUENCY, HZ FREQUENCY, Hz 
F i g ,  42.  Gridpoint  8 ,  Viking reac t ion  momen t  i n  8 -d i rect ion a t  base  of Viking 
t r u s s  adap te r  p red ic ted  f r o m  the forc ing ?unction der ived f r o m  
M a r i n e r  VI (AC-20) MECO flight data  
JPL Technical  Memorandum 33-486 
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Fig. 43. Gridpoint 8 ,  Viking react ion moment  i n  @,-direction a t  base of Viking 
t r u s s  adapter  predicted f r o m  the forcing function der ived from 
Mar ine r  VI (AC- 20) MECO flight data 
JPL Technical  Memorandum 33-486 
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F i g ,  44, Gridpoint  8 ,  Viking reac t ion  f o r c e  i n  X-direct ion a t  base  of Viking 
t r u s s  adap te r  p red ic ted  f r o m  the forc ing function der ived  f r o m  
M a r i n e r  VII (AC- 19) MECO flight data  
JPL Technical  Memorandum 33-486 
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Fig. 45. Gridpoint  8 ,  Viking reac t ion  fo r ce  i n  Y-direction a t  base  of Viking 
t r u s s  adap te r  predic ted f r o m  the forcing function der ived from 
Mar ine r  VII (AC- 19) MECO flight data  
JPL Technical  Memorandum 33-486 
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Fig. 46. Gridpoint 8 ,  Viking reaction force in  Z-direction a t  base of Viking 
t r u s s  adapter predicted f r o m  the forcing function derived f r o m  
Mariner  VII (AC- 19) MECO flight data 
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Fig. 47. Gridpoint 8,  Viking reac t ion  moment  i n  Ox-direction a t  ba.se of Viking 
t r u s s  adapter  predic ted f r o m  the  forcing function der ived from 
Mar ine r  VII (AC- 19) MECO flight data  
JPL Technical  Memorandum 33-486 
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F i g ,  48. Gridpoint  8 ,  Viking reac t ion  momen t  i n  8 -di rect ion a t  base  of Viking 
t r u s s  adap te r  predic ted f r o m  the forcing Yunction der ived f r o m  
Mar ine r  VII (AC-19) MECO flight data 
JPL Technical  Memorandum 33-486 
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Fig. 49. Gridpoint  8 ,  Viking reac t ion  moment  i n  @,-direction a t  base  of Viking 
t r u s s  adap te r  predic ted f r o m  the forcing function der ived f r o m  
Mar ine r  VII (AC-19) MECO flight data  
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